This paper presents the results of an exploratory study on scour occurring around submerged spur-dike. The effect of flow depth and spur-dike dimensions was studied with the help of the experimental data. It was found that the overtopping ratio and the opening ratio are significantly affected on the maximum scour depth. The larger opening ratios (a) caused relatively small scour area and the bank erosion downstream the spur-dike hardly can occur. The longer spur-dike length & the lower flow depth produced scour area wider than the shorter spur-dike length & the higher flow depth. The data collected in this investigation would be useful for the development of numerical models of scour around submerged dikes.
INTRODUCTION
Local scour around any obstruction placed in an alluvial channel is of great importance to hydraulic engineers. To be able to design a safe and economic structure, it is important to have a clear picture of scour phenomenon around these obstructions1). In order to study some of the variables governing the depth of scour around river structures such as spurdikes, investigations were conducted at the Hydraulics Laboratory of Tottori University, Japan.
Spur-dikes are a kind of river training works constructed at an angle to the flow direction beginning at the regulation line with a head2). Spurdikes are frequently used in rivers to guide the flow, protect banks from erosion and improve navigation channels3).
As the water flows around the spur-dike, the flow pattern is changed due to the reduction of the width of channel, and the shear distribution around the spur-dike is modified. This leads to scouring action until equilibrium is established between the various forces influencing the scouring action1).
Local scour at piers, abutments and spur-dikes has been studied in detail by many researchers in the last few decades4). Contributions by Ahmad (1953) 5) , Laursen (1960) 6 ), Grade (1961) 1) , Awazu (1967) 7) and Gill (1972) Most experimental studies concerning local scour around spur-dikes have used flow depths that were less than the height of the spur-dike model. The previous submerged groins studies mentioned here were considered groins in series with constant overtopping ratio OA.
The focus of this study was on characterizing local scour around submerged spur-dike in general and the maximum depth of scour in particular. Attention was focused mainly on the dimensions of the spur-dike (overtopping ratio & opening ratio) and the depth of flow upstream of the spur-dike.
PURPOSE AND LIMITATIONS
The purpose of this investigation was to study the variation of the local scour under the following limitations:
A (2) Experimental conditions On the study of bed characteristics and maximum scour around submerged spur-dikes, the following are the basic conditions set for the study:
The study was carried out with uniform bed material having the mean diameter of 0.75mm. The discharge was varied from 0.0073 to 0.0187 m3/s, which gives flow depth varied from 5 to 13cm.
The heights of the spur-dike above the bed material were 2.5, 5 and 7.5cm. The thickness of the spur-dike was 1.5 cm in all cases and the spur-dikes projected a perpendicular distance of 5,10 and 15cm into the channel. The slope of the bed surface was 1/2500, and Manning roughness was 0.014 in all cases. The experimental conditions and the flow characteristics are summarized in Table 1 .
Before the beginning of the experiments, the flume was examined to adjust the required slope that gives the uniform flow conditions far upstream. The suitable longitudinal surface slope was found to be 1/2500. A single spur-dike was fixed to the left sidewall of the flume in the appointed position. A 15cm thick bed material was laid into the flume and leveled to make the sand bed surface parallel to the channel bottom. The sliding point gauge was used to check the horizontal bed surface at different locations. Before each run the tailgate was adjusted to a suitable level to give a considered flow depth, which keep the shear velocity constant in all cases with different discharges. A temporary wooden gate was set 16m downstream of the entrance to keep the flow rate constant without any disturbance to the bed material before each run. The runs started by slowly allowing the water to flow over the horizontal bed until it reaches to the height of the temporary gate. The discharge valve was slowly adjusted to give a supply of the flow required for each run. Then a temporary gate was opened slowly and completely, so that there was no effect in the flow and the bed surface level, and almost no scour happened before achieving the desired water depth; thereafter the timer was switched on.
The bed readings at the nose of the spur-dike were taken at various time intervals to get the rate of scour. The run was continued until the bed reading at the nose of the spur-dike changed so slowly with time nearly up to 300min. After recording the maximum scour depth, a temporary gate inserted again so that the scour pattern was not disturbed. Measurements of scour were taken at close intervals around the spur-dike and at less-closer spacing far upstream and downstream of the flume. Amer Fig. 4 Geometry of scour hole Table 2 Geometry of scour as ratio of spur-dike length completing one run, the flume then was prepared for another run with same procedures.
5 experimental cases with 23 experimental runs were conducted having different initial arrangements.
RESULTS AND ANALYSIS
(1) Development of scour hole
The scour depths as a function of time for various opening ratios are shown in Fig. 3 . It was found that maximum scour depth was attained after 150min in case of high opening ratio ( a = 0.94 ) and after 240min at a = 0.81 . Then the observing of the scour depth was too slow towards to the equilibrium phase after time nearly up to 300min. That variance in maximum scour depths observed in each case was because of the different parameters examined in each investigation.
(2) Geometry of scour hole Geometry of scour hole is presented in Fig. 4 and the spur-dike length, height and the flow depth in each run. Also, it is observed that the transport of sediment was limited only around the spur-dikes, and the deposition area was located downstream the spurdike towards the sidewall. The ratio between the volume of scour hole and the volume of the bed deposition was in good balance in all runs.
EFFECT OF VARIABLES
In the previous studies no one consider the height of the spur-dike (d) as it was always above the flow depth. So that, the governing factor in this study will be the height of the spur-dike (d) above the original bed as an important factor in overtopping flows.' ( (2) Effect of overtopping ratio (h/d) and (b/h) The variations of (S/d) with overtopping ratio (h/d) are plotted in Fig. 9 . In first three cases, at the same values of (h/d) the observed (S/d) ratios were different because of the difference in spur-dike length in each case, and it was found that the small overtopping ratio produces large scour depth. Even in case 5, the observed scour depth was the biggest among all other cases, however (S/d) value was the smallest.
The relation between (S/d) with (b/h) is plotted in Fig. 10 . It can be seen that b/h has clear dependence on the height of the spur-dike (d) as the value of b/h increased with increasing of S/d ratios when d = 2.5cm. The relationship can be presented by a set of positive curves except in case 5, which has the larger value of spur-dike height (d = 7.5cm).
From discussing the effect of the three parameters above (a , h/d and b/h), it seems that when S/d has values less than 2.0 (as in case 5) the relation almost represented by an opposite direction to all other values.
The differences observed in the maximum scour depth in each case of study could be interpreted as a resulting from the actual values of effective shear 
NOTATION
The following symbols are used in this paper:
of the spur-dike in the lateral direction. of the spur-dike above the original bed. scour depth.
rate in volume.
of scour hole in front of the spur-dike. distance from spur-dike directing to downstream.
distance from the flume sidewall. 
